In 2001, a new respiratory virus, human metapneumovirus (hMPV), was first isolated from nasopharyngeal specimens from children with acute respiratory infection (ARI) (31) . Based on genetic and phylogenetic analyses, hMPV has been categorized as a member of the genus Metapneumovirus of the subfamily Pneumovirinae of the family Paramyxoviridae (31) . It has been recognized as a common cause of respiratory infections, ranging from upper respiratory infections to severe bronchiolitis and pneumonia, in both children and adults worldwide (3, 31) . The seasonality of hMPV infections resembles that of human respiratory syncytial virus infections, and the epidemic season of hMPV is generally reported to be from winter to early spring (2, 3, 30, 31, 35) . hMPVs are separated into two groups, serotypes A and B, with each serotype divided into genetic sublineages 1 and 2 on the basis of genetic differences and neutralization assays (12, 25, 32, 33) . However, insufficient epidemiological data for hMPV have been accumulated to date.
With regard to the isolation of hMPV, van den Hoogen et al. first reported that the virus isolates replicated slowly in tertiary monkey kidney (tMK) cells and very poorly in African green monkey kidney (Vero) and human lung adenocarcinoma (A549) cells and could not be propagated in Madin-Darby canine kidney or chicken embryo fibroblast (CEF) cells (31) . Since then, hMPV isolation has commonly been performed using tMK and rhesus monkey kidney (LLC-MK2) cell lines, especially LLC-MK2 (3, 4, 5, 6, 10, 12, 13, 14, 15, 23, 24, 35) . However, only strains 1 to 38 have been isolated in previous studies using tMK and LLC-MK2 cell lines (3, 4, 10, 14, 24, 25, 35) . Furthermore, Døllner et al. detected 50 hMPV-positive cases by reverse transcription-PCR (RT-PCR) but failed to find any cytopathic effect (CPE) using the LLC-MK2 cell line (8) . Of course, after 5 to 10 passages, the hMPV titers reach 10 7 or more tissue culture infective doses per ml, and these viruses show CPEs within 5 days postinfection (24) . However, it is still quite difficult to isolate hMPVs directly from clinical specimens, and RT-PCR has since been widely used for the detection and laboratory diagnosis of hMPV. Therefore, if a cell line suitable for the isolation of hMPV can be developed, it will be of great benefit for further research on hMPV.
Historically, the Vero E6 cell line was chosen from seven clones for use in the recovery of the Lassa virus, as it could easily be maintained for a long period (7 to 10 days at that time) without changing of the medium and was found to be superior for use in the replication and plaque production of slow-growing noncytolytic agents infecting humans and rodents (9) . This cell line has been further used for the isolation and growth of measles virus, Ebola virus, Crimean-Congo hemorrhagic fever virus, severe acute respiratory syndrome (SARS) coronavirus, and so on (20, 26, 27, 29) , and has potential application for the isolation of other viruses.
After the emergence of SARS coronavirus, we had the opportunity to use the Vero E6 cell line, primarily to isolate SARS coronavirus, in our role as members of a public health laboratory (20) . Fortunately, it was not necessary for us to isolate SARS coronavirus. However, by accident, we found that the Vero E6 cell line was sensitive to hMPV when we applied this cell line to the isolation of common respiratory viruses from clinical specimens from children with ARI. Using this Vero E6 cell line, we succeeded in isolating 79 hMPV strains, which could be the highest number of strains yet isolated, after an observation of 4 weeks. In this paper, we describe the effectiveness of this Vero E6 cell line for hMPV isolation as well as our epidemiological findings and further phylogenetic analysis, which we believe to be the first epidemiological data based on virus isolation. On the basis of the results presented herein, it is hoped that this method will be of great use in the further study of hMPV isolation.
MATERIALS AND METHODS

Collection of specimens.
Between January 2004 and December 2005, 4,112 nasopharyngeal swab specimens were obtained from patients with ARI at pediatric clinics collaborating with the local health authority of the Yamagata Prefecture for the surveillance of viral diseases in Japan. Among them, 3,958 (96.3%) were from patients Յ15 years old, 108 (2.6%) were from patients of unknown ages, and 46 (1.1%) were from patients Ͼ15 years old. The specimens were collected and placed immediately in tubes containing a transport medium and transported to the Department of Microbiology, Yamagata Prefectural Institute of Public Health, for virus isolation.
Virus isolation and identification. Virus isolation was carried out using a modified microplate method. Briefly, human embryonic lung fibroblast, human laryngeal carcinoma (HEp-2), Vero, Madin-Darby canine kidney, rhabdomyosarcoma (RD-18S), and green monkey kidney cell lines were prepared on the wells of a 96-well microplate (18, 21) . In January 2004, we substituted the Vero E6 cell line, which was provided by the National Institute of Infectious Diseases, Tokyo, Japan, for the Vero cell line. The growth medium for the Vero E6 cell line consisted of Eagle's minimum essential medium (MEM) with 10% fetal bovine serum (FBS) and antibiotics (streptomycin [0.1 g/ml] and penicillin G [100 units/ml]). The maintenance medium for the Vero E6 cell line consisted of MEM with crystallized trypsin (T-8003; Sigma, St. Louis, MO) (2 g/ml), 5% MEM vitamin solution (100ϫ concentrate; Sanko Junyaku, Tokyo, Japan), 0.2% glucose, and antibiotics. After the plates were washed with phosphate-buffered saline without calcium and magnesium (PBS), 100 l of the maintenance medium was added to each well of the plates. Then, each specimen was centrifuged at 3,000 rpm for 15 min and 75 l of the supernatant was inoculated onto two wells of each cell line. The inoculated plates were incubated at 33°C in a CO 2 incubator. We observed the plates two or three times per week for CPEs for 14 days for all cell lines except the Vero E6 cell line, which was observed for approximately 1 month, without passage or medium change. When a suspected hMPV CPE was observed, viral identification was carried out by RT-PCR and sequence analysis.
Infectivity assay of hMPVs. We prepared confluent monolayers of Vero, Vero E6, and LLC-MK2 cell lines in 96-well microplates, using MEM containing 10% FBS. Cells were washed twice with PBS and inoculated with 50 l of serial 10-fold dilutions, ranging from 10 0 to 10 Ϫ2 , of hMPV strains 1508-Yamagata-05 and 1918-Yamagata-05, which were isolated in this study and had been passaged twice in Vero E6 cells, and Sendai-1311-04 and Sendai-155-D06, which were isolated at the Virus Research Center, Sendai Medical Center, Sendai, Japan, and had been passaged 10 times in LLC-MK2 cells. We used four replicate wells per dilution of each strain. After centrifugation for 30 min at 2,000 rpm, the virus inocula were incubated for 30 min at 33°C in a CO 2 incubator and aspirated, and then 0.1 ml of MEM without trypsin was added as the maintenance medium to each well. At 24 h postinoculation, the medium was removed and the cells were rinsed with PBS twice and then fixed with 70% acetone in PBS for 10 min at room temperature. Fixed cultures were immunostained for the expression of hMPV antigen by incubation for 45 min at 37°C with guinea pig anti-hMPV polyclonal antibodies, which were prepared at the Department of Infectious Diseases, Yamagata University School of Medicine, followed by incubation for 45 min with peroxidase-labeled anti-guinea pig immunoglobulin G antibodies (AP108P; CHEMICON International, Inc.) at room temperature. After each reaction, the cells were washed several times in PBS containing 5% skim milk. In the final step, the peroxidase reaction was allowed to proceed for 20 min using 0.03% H 2 O 2 and 0.2 mg/ml of 3-3Ј-diaminobenzidine tetrahydrochloride (Dojindo, Kumamoto, Japan). The cells were then rinsed with distilled water, and the stained cells were counted microscopically. We determined the numbers of hMPV-infected cells per well for four replicate wells for each virus dilution and calculated the mean number.
RT-PCR, sequence analysis, and phylogenetic analysis. RNA extraction, RT-PCR, and sequence analysis were carried out as described previously (17, 19) . Briefly, viral RNA was extracted from 100 l of the viral culture fluid by using ISOGEN-LS (Nippon Gene, Tokyo, Japan). The viral RNA was then transcribed into cDNA with Moloney murine leukemia virus reverse transcriptase (Nippon Gene, Tokyo, Japan) and a random primer (Takara Bio Inc., Otsu, Japan). Using cDNA, a part of the fusion region was amplified by PCR with 40 cycles at 94°C for 30 s, 50°C for 30 s, and 72°C for 1 min and a final extension at 72°C for 10 min. The PCR products were purified with a QIAquick PCR purification kit (QIAGEN, Hilden, Germany) and then sequenced using a BigDye Terminator V1.1 cycle sequencing kit on an ABI Prism 310 (Applied Biosystems, Foster City, CA) automatic sequencer. For PCR and sequencing analysis, primers MPVF1f, MPVF1r, BF101, and BF104 were used (25, 32) . Sequence data were analyzed with CLUSTAL W version 1.83, and a phylogenetic tree was constructed via the neighbor-joining method (28), using the same software.
Nucleotide sequence accession numbers. Sequence data were added under accession numbers AB251496 through AB251574 at GenBank.
RESULTS
Isolation and CPEs for hMPV in the Vero E6 cell line in Yamagata. All hMPVs in this study were isolated using the Vero E6 cell line. We succeeded in isolating a total of 79 hMPV strains from 77 children and 2 adults, with a total isolation rate of 1.9% (79/4,112).
The CPEs for hMPV in the primary cultures were accompanied by granular, small, roundup, and refringent cells, but there was no clear syncytium formation (Fig. 1a to d) . Most early CPEs were recognized as focal or scattered granular patterns, as shown in Fig. 1a and b, whose images were taken on day 17 after specimen inoculation. Thereafter, the areas of granular, refringent cells spread slowly, as shown in Fig. 1c and d, whose images were taken 29 days after specimen inoculation, with eventual destruction of the cells in some cases. We found the CPE for hMPV in a primary culture within 6 to 7 days after specimen inoculation for 6 strains, within 8 to 14 days for 46 strains, within 15 to 21 days for 23 strains, and after more than 21 days for 4 strains. On the other hand, the CPEs observed after a passage of recovered viral fluid showed large and/or small syncytia within 4 days after inoculation (Fig. 1e  and f) . Findings of initial CPEs without syncytial formation in the primary culture and with syncytial formation after the passage indicated that the CPEs for hMPVs in the Vero E6 cell line were quite variable. The most remarkable characteristic of the Vero E6 cell line was the stability of the monolayer, which enabled us to observe the hMPV CPE several weeks or even 1 month after cell preparation and specimen inoculation (Fig.  1c, d, and g ), whereas regular Vero cells, which had been used until December 2003, degenerated within 14 days. Adenoviruses, enteroviruses, and herpes simplex viruses could also be replicated using the Vero E6 cell line. Since these viruses grow faster than hMPV, we could not isolate hMPVs in cases where these viruses were recovered.
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Infectivity assay of hMPVs in Vero, Vero E6, and LLC-MK2 cells. We compared the sensitivities of Vero E6 cells to hMPVs with those of Vero and LLC-MK2 cells. We inoculated the hMPV strains, fixed the cells 24 h after infection, and counted the number of immunostained cells. The two hMPV strains previously passaged twice in Vero E6 cells (1508-Ymagata-05 and 1918-Yamagata-05) infected more than 20 times more cells in Vero E6 cells than in LLC-MK2 cells; however, there were no significant differences in infectivity between Vero E6 and Vero cells. Outbreaks at primary schools and nurseries. During the study period, there were two nurseries and one primary school at which we isolated more than five hMPV strains. Between 2 May and 13 June 2005, we isolated five subgenogroup A2 strains, which had 99 to 100% nucleotide identity with each other, at one primary school (Fig. 4b) . At one nursery, we isolated six subgenogroup A2 strains, which had 100% identical nucleotide sequences, between 16 and 28 April 2005 (Fig.  4c) . At another nursery, we isolated one subgenogroup B2 strain in April 2004, one subgenogroup A2 strain in May 2005, and eight subgenogroup B2 strains between 19 July and 10 August 2005 (Fig. 4d) . The nucleotide identity among the eight subgenogroup B2 isolates in 2005 was 100%, and there was 99% identity between these isolates and the one isolate from 2004. Interestingly, we isolated a subgenogroup A2 strain in May 2005 and a subgenogroup B2 strain in August 2005 from the same 2-year-old girl.
DISCUSSION
First, we report the effectiveness of the Vero E6 cell line for the isolation of hMPV. The appearance of a recognizable hMPV CPE can take 2 or more weeks with the LLC-MK2 cell line (3, 12, 23, 35) . In our experience with the Vero E6 cell line, we could identify the CPE for only six strains within 6 to 7 days after specimen inoculation whereas 2 to 4 weeks was needed to detect the CPE for the other strains. For this reason, we could not shorten the time needed to detect CPE using the Vero E6 cell line compared with that for the LLC-MK2 cell line. However, blind passage was often necessary to isolate hMPVs using the LLC-MK2 cell line after approximately 2 weeks of primary incubation (35) . The merit of the Vero E6 cell line is that it forms a monolayer that can be maintained in a stable condition for a long period and enable us to observe hMPV CPE for approximately 1 month without passage or medium change. Furthermore, the infectivity assay in this study indicated that the infection efficiency of hMPV in Vero E6 cells was better USEFULNESS OF VERO E6 CELL LINE FOR hMPV ISOLATION 1915 than that in LLC-MK2 cells. Thus, the cell line stability and the better infectivity efficiency suggested that the Vero E6 cell line is effective for the isolation of the slow-growing hMPV. Our infectivity assay suggested that Vero cells are generally sensitive to hMPVs. van den Hoogen et al. found that Vero cell clone 118 permitted infection with viruses from all four lineages and CPEs were easily observed, whereas the CPE of prototype strain NL/1/00, which belongs to the A lineage, was more clearly observed than that of prototype strain NL/1/99, which belongs to the B lineage, on the tMK cell line (33) . The findings that the Vero E6 cell line and Vero cell clone 118 possess characteristics that make them advantageous for the (2, 3, 11, 30, 31, 36) . However, a few reports have mentioned the detection of hMPV in summer months (7, 22, 34, 35 ). Although our limited results Fig. 4b and d) . Therefore, the results for our virus isolation support the notion that hMPV infections occur throughout the year (35, 36) . Cocirculation of hMPV genogroups and subgenogroups has been previously reported (1, 11, 16, 36) . Ludewick et al. reported that a shift in the predominant group from subgenogroup B2 to A1 was observed between 2000 and 2002 (16). Williams et al. reported that the cocirculation of multiple hMPV subgenogroups had continued for 20 years, with subgenogroups substituting from year to year (36) . We also found the cocirculation of two or three subgenogroups in the Yamagata area in 2004 and 2005, as shown in Fig. 4a . Interestingly, the hMPV subgenogroup isolated from each of the three clusters at two nurseries and one primary school was specific to that place, though two or three subgenogroups had been cocirculating in Yamagata during the respective periods. These results suggest that close contact among children is an important factor in the transmission of hMPVs. Furthermore, observations from one nursery ( Fig. 4a and d) suggested that hMPVs circulating within a community can enter facilities such as primary schools and nurseries.
In 1987, on the 25th anniversary of the isolation of Vero cells from African green monkey kidney tissue, Earley and Johnson suggested that Vero cells had been one of the most powerful basic resources in the entire field of virology and should continue to be a major cell substrate for virologists in years to come (9) . In this paper, we report that one clone of Vero, the Vero E6 cell line, is sensitive not only to measles virus, Ebola virus, Cremian-Congo hemorrhagic fever virus, and SARS coronavirus, as has been already reported (20, 26, 27, 29) , but also to hMPVs. Since only a few hMPVs have been isolated using the tissue culture method, we hope that the Vero E6 cell line might contribute to further research on hMPVs, especially toward clarification of the epidemiology and etiology of this virus.
